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PROTEIN DELIVERY SYSTEM USING HUMAN PAPILLOMAVIRUS 

VIRUS-LIKE PARTICLES 



FIELD OF THE INVENTION 
5 This invention is related to a method of delivering protein to 

a cell by fusing it to a modified papillomavirus L2 protein, and expressing 
the fused protein in a virus-like particle. The invention is also directed to 
modified genes encoding the proteins, the modified virus-like particles 
and host cells containing the virus-like particles. 

10 

BACKGROUND OF THE INVENTION 

Human Papillomaviruses (HPVs) infect the genital tract and 
have been associated with various cancers and other diseases. 
Recombinantly produced Ll protein and Ll + L2 protein can self-assemble 

15 to form virus-like particles (VLPs). These VLPs are immunogenic, and 
may be the basis of a vaccine. 

Currently, however there is no known prophylactic vaccine or 
ideal therapeutic treatment of disease caused by HPV. An immune 
response to other HPV proteins co-delivered within the context of VLPs 

20 such as HPV early proteins or genes may enhance the protective effect of a 
vaccine. Recently, a paper by Greenstone et al described VLPs in which 
the L2 protein was modified to create a fusion protein between fiiU length 
L2 and HPV E2 or E7. (Greenstone et al, 1998 Proc. Natl Acad. Sci. USA 
95:1800-1805.) The fusion proteins co-assembled with Ll into VLPs 

25 which appeared indistinguishable morphologically firom Ll VLPs and in 
their ability to elicit neutralizing antibodies. Furthermore, in tumor 
challenge models, mice vaccinated with chimeric Ll + L2:E7 fusion VLPs 
were found to protect mice from E7-expressing tumors. 

However, there are potential problems associated with the 

30 use of a full-length L2 as a fusion partner. First, due to size retraints, an 
entire L2 as a fiision partner has a limited capacity to accept large fusion 
proteins. For instance, fusion of E 1 with intact L2 of CRPV leads to 
morphologically aberrant VLPs. Fxirthermore, expression of a full-length 
L2 will most likely affect the activity of enzymatically active proteins and 

35 therefore may limit its usefulness to deliver fimctional proteins into a ceU. 
The minimal sequence requirements of L2 enabling coassembly with Ll 

1 
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into VLPs are unknown and the ability to delete significant portions of L2 
while retaining the capacity to assemble with Ll is also unknown. 

It would be desirable to provide a minimal L2 fusion protein 
which still retains the protein delivery function of a full-length L2, yet can 
5 deUver larger and functionally-active proteins. 

DESCKIPnON OF THE INVENTION 

This invention is directed to a method of delivering a peptide 
or protein to a cell comprising the steps of: a) fusing a nucleic add 

10 sequence encoding the peptide or protein to be delivered to a modified 
papillomavirus (PV) L2 gene to create a fusion protein gene, wherein the 
L2 gene is less than full-length and comprises at least the coding 
sequences for the amino-terminal 69 amino adds and the carboxy- 
terminal 84 amino adds (aa) of L2; b) expressing the fusion protein gene 

15 in a host cell to obtain a fusion protein; c) contacting the fusion protein 
with PV Ll protein \mder conditions wherein the fusion protein and the 
Ll protein spontaneously combine to form a virus-like partide (VLP); and 
d) delivering the VLP to a ceU. 

This invention also relates to nudeic adds encoding a fusion 

20 protein comprising a less than full-length L2 protein fused to a gene 

encoding a peptide or protein of interest, and to these fusion proteins. In 
particular, this invention is related to L2 fusion proteins which comprise 
less than a full-length L2, and comprise at least the amino terminal 69 
amino adds and the carboxy terminal 84 amino adds of L2. Additionally, 

25 this invention relates to the virus-like partides (VLPs) which contain the 
fusion protein, and to cellular hosts containing these VLPs. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the assembly of the minimal L2 DNA construct 
30 from native HPV16 L2. The coding sequence of HPV16 L2, shown in lower 
case italics, served as template for PGR amplifications. The initiator and 
terminator codons are in uppercase. Sense primers, I and A, are shown above 
the template; anti-sense primers, C and D, below. New sequence information, 
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introduced by PGR amplification are shown in uppercase. The comphmentary 
sequences in primers A and C are underscored. 

Figure 2 is the amino acid translation of the HPV 16 Minimal L2 
Gene. Amino acid changes resulting from the introduction of the polyhnker 
5 containing imique restriction sites Not I, Sac I, and Xho I are indicated by 
italics. Amino adds 1-69 are contributed from the amino terminus of L2. A 
glutamic acid residue is added at position 70. Amino acids 71-154 are 
contributed firom the carboxyl terminus of L2. At position 72, a glutamic add 
residue replaces a serine found in the full-length wildtype L2. 

10 Figure 3 is a Western blot of immunopredpitated yeast 

lysates, showing co-immunopredpitation of L2-E chimeric proteins with 
HPV16 LI VLP-spedfic Mab H16:V5. The left panel shows anti-El 
stained immtmoblot of minimal L2:E1 fusion (mL2:El) dones El-121 to 
El-124, mL2:E2 sample E2-23 and no lysate samples are spedfidty 

15 controls. The middle panel shows anti-E7 stained immunoblot of minimal 
L2:E7 fusion (mL2:E7) clones E7-125 to E7-127 and E7-31; mL2:E2 
sample E2-23 and no lysate samples are spedfidty controls. The right 
panelshows anti-E2 stained immunoblot of mL2:E2 fusion dones E2-33a, 
E2-33b; sample E2-33b is also shown with no H16:V5 capture antibody as 

20 a control and YP3#1 no E protein control is shown as mL2 vector. 

Figure 4 is a table listing beta galactosidase activities of 
transientiy transfected ceU lysates. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The method of this invention can be used with virtually any 

papillomavirus strain. In preferred embodiments, the HPV is one of the 
strains which is assodated with genital warts and/or genital cancers, and 
in particular may be selected from the group consisting of: HPV6a, 
HPV6b, HPVll, HPV16, HPV18. HPV31, HPV33, HPV35, HPV42, 

30 HPV43, HPV44, HPV45, HPV51, HPV52, and HPV56. 

Wild-type virus-like partides are predominandy made of Ll 
protein, although they contain a minor amount of L2 protein. In 
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accordance with this invention, the VLPs have been modi&ed so that they 
still contain wild-type Ll protein, but now contain a deleted L2-fusion 
protein instead of wild-type L2. The L2 segment of the fusion protein is 
substantially less than the full length L2 protein; it contains peptide 
domains from the amino terminus and from the carboxyl terminus which 
are necessary for association with Ll proteins and incorporation into 
VLPs, at the least, for HPV type 16, the coding sequences for the amino- 
terminal 69 amino adds and the carboxy-terminal 84 amino acids (aa) of 
L2. The L2 sequence may be larger than this, as long as it is less than 
wild-type. Preferably the total amount of L2 amino adds present is less 
than about 60% of wild type, more preferably less than about 50% of wild- 
type, and even more preferably less than about 35% of wild type. This 
modified L2 will be referred to throughout the specification and daims as 
a "minimal L2" gene and protein. 

Virtually any protein or peptide can be fused to the minimal 
L2 protein to make the fusion protein. HPV proteins which are normally 
not part of the VLP are preferred if the goal is to make a VLP which 
induces an increased immune response as compared to a wUd-type VLP. 
For this application, these proteins indude but are not restricted to HPV: 
El, E2, E3, E4, E5, E6, and/or E7, HIV TAT and/or beta lactamase. 
Particularly preferred proteins are El, E2, and E7. These fusion proteins 
and the nudeic adds encoding them make up another aspect of this 
invention. 

One of the advantages of this invention is that the fixsion 
partner may be a large protein. For example, the fusion partner may be 
over 50 kD, over 60 kD and even over 70 kD. This increased size allows 
for the introduction of most known proteins, and makes this delivery 
system particidarly useftd not only for HPV-related proteins as described 
above, but also for proteins which are not assodated treatment of with 
HPV disease. 
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Thus, this invention includes methods of using a modified 
VLP as a generalized transporter, directing the delivery of virtually any 
desired protein or peptide into cells. In one embodiment, reporter or 
regulatory proteins are delivered to cells as a measure of VLP uptake by 
5 cells. As an example of fusion candidates which is by no means limiting, 
is the regulatory protein of HIV known as TAT. Fusions of TAT to the 
minimal L2 have been shown to retain protein function as well as form 
VLPs with LI. This is useful in establishing neutralization assays. 

10 The fusion protein and Ll protein may be made 

simultaneously by transforming a sheeted host cell with genes encoding 
the proteins under conditions which allow expression of liie two genes. 
General techniques, the genes for Lis and L2 , and methods for 
recombinant expression of Ll and L2 proteins are known in the art, and 

15 may be used. Preferred host cells include yeast, insect cells, mammalian 
cells and E. colL 

Under one preferred embodiment of this invention, yeast are 
transformed with plasmid DNA containing the genes encoding Ll and the 
L2 fusion under control of known yeast promoters, such as the yeast Gal 1 

20 and Gal 10 promoters. Expression of each gene product is induced by 

addition of galactose to the growth media, and the VLPs are isolated from 
the induced ceU lysates. 

Alternatively, the one set of host cells may be transformed to 
express only Ll protein, and a second set of host cells may be transformed 

25 to express the L2 fusion protein of this invention. The respective proteins 
are harvested, optionally subjected to a purification step, and are brought 
into contact so that VLPs containing the fusion protein are formed. 

The modified VLPs make up yet another aspect of this 
invention. These VLPs may be administered as a vaccine, or as part of a 

30 therapeutic regimen. Therapeutic or diagnostic compositions of the 

invention are administered to an individual in amounts sufficient to treat 
or diagnose PV infections. The effective amount may vary according to a 



5 



wo 00/09157 PCT/US99/1 7931 

variety of factors such as the individual's condition, wei^t, gender and 
age. Other factors include the mode of administration. Generally, the 
compositions will be administered in dosages ranging from about 1 meg to 
about 1 mg. 

5 The pharmaceutical compositions may be provided to the 

individual by a variety of routes such as subcutaneously, topically, orally, 
mucosally, intravenously and intramuscularly. 

The vaccines of the invention comprise DNA, RNA or 
proteins encoded by the DNA that contain the amino-terminal and 

10 carboxyl-terminal portions of L2 which permit the incorporation of 

proteins fused to it to be incorporated into VLPs. Such vaccines are also 
safe enough to be administered without danger of clinical infection, do not 
have toxic side ^ects, can be administered by an effective route, are 
stable, and are compatible with vaccine carriers. 

15 The vaccines may be administered by a variety of routes, 

such as orally, parenterally, subcutaneously, mucosally, intravenously or 
intramuscularly. The dosage administered may vary with the condition, 
sex, weight, and age of the individual; the route of administration; and the 
type of PV of the vaccine. The vaccine may be used in dosage forms such 

20 as capsules, suspensions, elixirs, or liquid solutions. The vaccine may be 
formulated with an immimologically acceptable carriers or adjuvants, or 
other exdpients. 

The vaccines are administered in therapeutically effective 
amounts, that is, in amounts sufiBdent to generate a immunologically 

25 protective response. The therapeutically effective amount may vary 

according to the type of PV. The vaccine may be administered in single or 
multiple doses. 

The purified proteins of the present invention may be used in 
the formulation of immunogenic compositions. Such compositions, when 
30 introduced into a suitable host, are capable of inducing an immune 
response in the host. 
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The following non-limiting Examples are presented to better 
illustrate the invention. 



EXAMPLE 1 

5 Construction of the Modi&ed L2 Gene 

The modified HPV16 L2 gene was constructed from the 
coding sequences for the amino-terminal 69 amino adds and the carboxy- 
terminal 84 amino acids (aa) of HPV16 L2 which were fused in frame by a 

10 synthetic polylinker that introduced unique Not I, Sac I, and Xho I 

restriction endonuclease recognition sites and resulted in the insertion of 
one glutamic add residue and the mutation of a serine residue to glutamic 
add. (Figure 1). 

PGR primers (Midland Certified Reagents; Midland, TX) 

15 were designed to amplify L2 sequences &oni the native L2 gene contained 
within the vector, pGalllO (Hofinann, K, et al 1995 Virology 209:506-518) 
into which the genes encoding HPV16 LI +L2 were inserted. (See F^ure 
1). 

Primers I ( 5'- CTT CCC CCC GGG CAC AAA ACA AAA 
20 TGC-3'; SEQ.ID.NO. 1) and C (5'- CTC GAG CTC GCG GCC GCC TGT 
AGO CGA CCC-3'; SEQ.ID. NO. 2) amplified a 265 hase pair (bp) 
sequence encoding the amino-terminal 69 aa and 23 bp of upstream 
untranslated sequence including a Sma I restriction enzyme site. Primer 
C modified and extended the L2 amino terminal-encoding region and 
25 appended Not I, Sac I and Xho I restriction enzyme sites downstream of 
the L2-encoding sequences. 

Primers A (5'- GCG GCC GCG AGC TOG AGG GTT ATA 
TTC CTG CAA ATA CAA-3'; SEQ.n).NO. 3), C and D (5'-CCC TCC AGA 
TOT OTA GGC AGC CAA AGA GAC ATC TG-3' SEQ JD.NO. 4) amplified 
30 a 285 bp sequence encoding the carboxy-terminal 84 aa of L2 plus 6 bp 
which added a Bgl 11 restriction enzyme site. Primer A also appended a 
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17 bp sequence containing Not I, Sac I, and Xho I sites upstream of the 
L2-encoding seqpience. 

The minimal L2 expression construction was assembled 
through complementary sequences added by primers A and C. The 
isolated DNA products of the I/C and A/D amplification reactions above 
were both used in a PGR reaction which included the I and D primers. To 
facilitate the joining of the fragments through their 17 bp complementary 
sequence, three PGR cycles were performed with the annealing 
temperature at 37**G, followed by 15 cycles with the annealing 
temperature of 57°C. The resulting amplification product was blimt-end 
ligated into pcrScript (Stratagene, LaJolla, GA) and transformed into XL- 
1 Blue MRF' cells (Stratagene). Positive clones were identified by PGR 
using primers I and D, and confirmed by restriction digest analysis. The 
construction was then verified by automated sequence analysis (Perkin 
Elmer, Inc., Foster City, GA). 

Plasmid DNA from an appropriate isolate was then digested 
with Sma I and Bgl U; a fragment of approximately 0.5 kilobase pairs (kb) 
was gel purified and ligated with the 14 kb Sma I and Bgl U vector 
fragment of pGALllO into which the HPV16L1 gene was inserted 
adjacent to the GAL 1 promoter. Competent DH5 E. coli cells (Gibco 
BRL, RockvUle, MD) were transformed with the ligation mixture and 
transformants selected on LB ampicillin plates (Remel, Lenexa, KS). 
Clones were initially screened by PGR in which primers D and I were used 
to amphfy portions of L2. Sequencing of candidate done YP3#1 verified 
the sequence to be that as shown in Figure 2. 

YP3#1 was then employed as the backbone construct into 
which genes encoding HPV16 El, E2, E7 or Tat open reading frames were 
inserted. 

EXAMPLE 2 

Insertion of HPV E Protein- and T at-ennnriinff flpnpg 
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The gene encoding HPV16 E2 was obtained by PGR 
amplification of a HPV16 positive clinical sample which was then inserted 
directly into the subcloning vector pCRII (Stratagene) and sequence 
verified as above. The E2 gene sequence was then modified in the 
following manner: 

1) In-frame Xho I, Nae I, Not I -containing DNA sequences 
were added to the amino terminal portion of E2. Additionally, Not I, Nae 
I, and Xho I-K^ontaining sequences were added to the carboxyl-terminal 
portion of E2 to facilitate insertion within E2 at the Not I, Xho I sites. 

2) The DNA sequences were altered by PGR mutagenesis to 
encode alanine residues encode at residues glutamic acid 39 and 
isoleudne 73. This was designed to inactivate E2 protein function. 

The modified HPV16 E2 gene described above was digested 
with Not I, Xho I and ligated with similarly digested YP3#1 vector. 
Transformants contaimng the properly-inserted E2 sequences were 
selected by PGR sequence verified and designated YP3-E2. 

A similar approach was employed for iuserting the genes 
encoding HPV16 El, HPV16 E7 and HIV Tat (creating YP3-E1, YP3-E7 
and YP3-Tat, respectively). The construct in which Tat was inserted at 
the carboxy termiaus of minimal L2 was designated as YP3-cTat. For El, 
glycine 482 was altered to aspartic add; for E7, cysteine 24 and glutamic 
add 26 were both changed to glycine to inactivate protein function. The 
resultant constructions were then used to transform yeast. 

EXAMPLES 

Identification and gro wth of veast expressinf ^^ rhimPiHr VT.Pq 

Plasmid DNA of YP3#1 and derivatives described above were 
used to transform Saccharomyces cerevisiae {MATa, leu2-04, prbl::HIS3, 
mnn9::URA3, cii^) by the spheroplast method (Hinnen etal., 1978, Proc. 
Natl Acad. Sci. USA 75:1929-1933). Transformed spheroplasts were 
plated onto selective (leucine minus) medium (Remel, Lienexa, KS). 
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Clones were isolated through two rounds of single colony selection. Small 
liquid cultures of candidate clones were grown to high cell density in 
medium containing galactose. Crude extracts were prepared by vigorous 
agitation with glass beads followed by centrifugation. The darified 
extracts were analsrzedfor e>q)ression of Ll, the L2 component, and VLPs 
by various methods including SDS PAGE, ELISA, immunoblotting, and 
EIA, using monoclonal antibodies or monospecific polyclonal antisera that 
recognize Ll, or L2, or the amino or carboxy termini of L2, or Ll VLPs, or 
El, or E2, or E7, or any other protein or peptide fused to the modified L2. 
Clones which expressed the L2 component and formed VLPs were selected 
for further characterization. One-liter or 16-Uter cultures of selected 
clones were grown in galactose containing medium for large-scale 
preparation of chimeric VLPs. 

EXAMPLE 4 

Purification of HPVTvne 1 6 Ll/L2mi«4/ E2 nhimprip VT.Pc 

Cell peUets firom a 16-Hter fermentation of S. cerivesiae were 
stored fi-ozen at -70°C. Frozen cells "Breaking Buffer" (200 mM MOPS, 
pH 7, 1 mM CaCl2) was added to give approximately 20% (w/v) slurry. 
BENZONASE® (Nycomed Pharma) was added to 750 units/g wet cell 
weight. The cell slurry was broken at a pressure of approximately 19,000 
psi by 5 passes in a MllO-Y Microfluidizer (Microfluidics Corp., Newton, 
MA). The cell lysate was clarified by microfiltration through a 0.65 
micron pore size hollow-fiber cartridge and then diafiltered with three 
volumes of 0.25 M sodium citrate, 0.2 M MOPS, pH 7.0. Permeate was 
loaded onto a POROS ® 50HS resin (Perseptive Biosystems, Cambridge, 
MA) equilibrated in 200 mM MOPS, pH 7, 250 mM sodium citrate. The 
column was washed with 50 mM MOPS, 0.5 M NaCl, 5 mM sodium 
phosphate, pH 7 and eluted with a linear gradient fi^om 0.5 to 1.5 M NaCl 
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in the same buffer. Column fractions were anal3^d by immunoblotting 
and SDS-PAGE with colloidal Coomassie detection. 

The 50HS pool was filtered through a 0.22 mm filter and 
appUed to a ceramic hydroxyapatite (HA) Type II (Bio-Rad) column. The 
column was washed with 50 mM MOPS, pH 7, 1.25 M NaCl, 5 mM sodium 
phosphate and eluted with a linear gradient from 5 to 200 mM sodium 
phosphate, pH 7 in 1.25 M NaCl. Fractions were analyzed by Western 
blot and SDS-PAGE. Fractions showing comparable purity and 
enrichment of LI protein were pooled. The pooled fractions were filtered 
aseptically through a 0.22 mm membrane and submitted for electron 
microscopy. 

EXAMPLES 
Detection of VLPs bv Electron Microscopv 

Transmission electron microscopy was performed by EMBS 
(ELkridge, MD). Appropriately diluted samples were placed on a 300 
mesh carbon-coated copper grid and allowed to air dry. Grids were 
stained with phosphotungstic add. AH microscopy was performed using a 
JEOL 1200 EX transmission electron microscope. The micrographs 
generated had a final magnification of 138,000 x. Electron microscopy 
confirmed the presence of intact VLP particles with a mean diameter of 32 
nm. These particles were indistinguishable morphologically from yeast- 
expressed LI or L1+ L2 particles. Confirmation of the presence of L2 
fiisions within the VLPs was demonstrated by immunoblotting analysis of 
process fractions (See Example 6). 

EXAMPLES 

nn-imTniinnpr Qcipitation of L2 fusion proteins with Li sp pHfir 
anti-VLP antibodies. 
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To show that the L2 fusions were an integral component of 
the VLPs, VLPs were captured by an HPV16 Ll VLP-spedfic monoclonal 
antibody (mAb) H16:V5 (Wang, D. et al. 1997 J. General Virology, 78: 
2209-2215), washed extensively and the retained products detected by 
immimoblotting. In brief, magnetic beads precoated with sheep anti- 
mouse IgG (Dynabeads M-280; Dynal, Oslo) were washed with TMOPS 
buffer (0.05M MOPS, pH 7.0, 0.4M NaCl, 0.1% Tween-80) containing 5% 
non-fat dry milk. The washed beads were incubated overnight at 4^*0 
with H16:V5 mAb in the same solution. Unboimd mAb was removed by 
washing with TMOPS. Beads were then incubated with control or VLP- 
containing crude yeast extracts (see Example 3) or partially-purified VLP 
preparations (see Example 4). Extracts containing 100-400 fig total 
protein were diluted with 0.2 MOPS, pH 7.0, 2 mM MgCl2 and incubated 
with beads for 4 hoiirs at 4'*C. Beads were then washed extensively with 
TMOPS; bound proteins were recovered by heating the beads at 95''C in 
Laemmli sample buffer, resolved by SDS-PAGE and identified by 
immunoblotting. 

Identification of the L2 fusion protein was performed with 
antibodies that recognize the L2 portion of the protein and by antibodies 
that recognize the protein of interest fused to L2, for example El, E2, or 
E7. In addition to the inclusion of control yeast extracts, other controls 
included 1) beads which have not been incubated with H16:V5, and 2) 
beads which have not been incubated with yeast extract. Figure 3 shows 
the immunoblot results of VLPs captured by the H16:V5 Mab and 
immunoblotted as described above and then stained with anti-El, anti-E7 
or anti-E2 antisera. In each case for multiple isolates, the E-protein:L2 
fiisions were detected amount the captured, purified VLPs using the 
appropriate antibody, but not in the absence of lysate or using purified 
chimeric VLPs containing E-proteins different from the detection antisera. 

Copredpitation of the L2 fiision protein with Ll using a 
monoclonal antibody specific for Ll VLPs was taken as an indication that 
the L2 fiision protein was associated with the VLP. 
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EXAMPLE? 

Demonstration of Tat activity in Tflt/mmimal L2 fusions 
in maTnTnali an cells. 
5 To demonstrate that Tat /L2 fusions retained Tat activity, an 

expression plasmid was constructed in which DNA encoding the HIV Tat 
gene was inserted downstream of the minimal L2 gene so that it would be 
linked to the carboxyl terminus of L2 in the translated product This DNA 
cassette was digested with Bgl 11 and inserted within the Bgl II site of the 

10 mammalian expression vector, VlJp Montgomery, D. et al 1993 DNA & 
Cell Biol 12:777) adjacent to the CMV promoter. The L2/Tat fusion was 
created by PGR of the minimal L2 (lacking a translational stop signal) 
using the oligomers 5'-TCC CCC GGG AGA TCT GCC AGO ATG CGA 
CAC AAA CGT TCT GCA AAA C- 3' (primer W; SEQ ID N0:5) and 5'- 

15 GGC AGO CAA AGA GAG ATG TG-3' (primer X; SEQ ID N0:6). 

OUgomers 5'-GAG ATG TGT CTT TGG GTG CCA TGG AGC GAG TAG 
ATG GTA GAG.3'(primer Y; SEQ ID N0:7) and 5'-GTG GTA AGATCT 
GTA TTG GTT GGG GGG TGT G-3'(primer Z; SEQ ID N0:8) were used to 
amplify the complete Tat open reading frame and to introduce sequence 

20 complementarity with L2. The products from both PGR reactions were 
agarose gel isolated and then combined in a second PGR reaction in which 
only primers W and Z were added which generated the L2/Tat fusion 
through overlap of complementary sequences. These primers also 
appended Bgl II sites which were digested to facUitate insertion within 

25 VlJp to form VlJp-L2cTat. 

Activity of the L2/Tat fusion was determined by transfection 
of VlJp-L2cTat into P4R5 cells using a calciimi phosphate transfection kit 
(available from Gibco BRL, Rockville, MD) performed as recommended by 
the manufacturer. P4R5 cells contain an integrated copy of the gene 

30 encoding beta galactosidase under control of the HIV LTR. If the 

introduced Tat gene encodes functionally active Tat, expressed Tat protein 
will bind the LTR and result in expression of beta galactosidase. Lysates 
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were made of 48 hr post transfection cultures and beta galactosidase 
activity assessed using Galactostar® reagents (Tropix, Bedford, MS). The 
results are summarized in Figure 4 which shows that there were similar 
amounts of beta galactosidase produced in cells transfected with VlJp- 
5 L2cTat as with the unfused positive control pD5-Tat plasmid (235 vs. 
175). The no-Tat DNA control had a value of 0.462. Thus, full Tat 
activity appears to be retained within the L2/Tat fusion. 
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WHAT IS CLAIMED IS: 

1. A method of deHveriug a peptide or protein to a 
cell comprising: 

a) fusing a first nucleic acid encoding the peptide or protein 
to a second nucleic acid encoding a modified hmnan papillomavirus (HPV) 
L2 to create a fusion protein gene, wherein the L2 portion of the fusion 
protein gene is less than a fuU-length L2 gene, but encodes domains from 
the amino and the carboxyl termini; 

b) expressing the fusion protein gene in a host cell to obtain 
fusion protein; 

c) contacting the fusion protein with HPV Ll protein under 
conditions wherein the fusion protein and the Ll protein spontaneously 
combine to form a virus-like particle (VLP); 

d) delivering the VLP to the cell. 

2. A method according to Claim 1 wherein the 
HPV is selected firom the group consisting of: HPV6a, HPV6b, HPVll, 
HPV16, HPV18, HPV31, HPV33, HPV35, HPV42, HPV43, HPV44, 
HPV45, HPV51, HPV52, and HPV56. 

3. A method according to Claim 2 wherein the L2 
gene encodes less than about 50% of wild type L2 protein, 

4. A method according to Claim 2 wherein the 
peptide or protein to be deUvered is selected from the group consisting of: 
HPV El, E2, E3, E4, E5, E6, E7, HIV Tat and beta-lactamase. 

5. A nucleic acid encoding a fusion peptide or 
protein comprising: a first segment comprising a nucleic add encoding a 
portion of an HPV L2 protein which is less than a full-length sequence, 
and a second segment comprising a nucleic add encoding a peptide or 
protein. 
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6. A nudeic acid according to Claim 5 wherein the 
first segment is firom an HPV selected from the group consisting of: 
HPV6a, HPV6b, HPVll, HPV16, HPV18, HPV31, HPV33, HPV35, 

5 HPV42, HPV43, HPV44, HPV45, HPV5 1, HPV52, and HPV56. 

7. A nucleic add according to Claim 6 wherein the 
second segment encodes a protein selected from the group consisting of: 
El. E2, E3, E4, E5, E6, E7 HIV Tat and beta-lactamase. 

10 

8. A HPV virus-like particle (VLP) comprising 
HPV LI protein and a fusion protein wherein the fusion protein 
comprises: 

a first protein which is an HPV L2 protein whidi is less than 
15 about 50% of wild type; and 

a second protein or peptide. 

9. A VLP according to Claim 8 wherein the HPV is 
selected from the group consisting of: HPV6a, HPV6b, HPVll, HPV16, 

20 HPV18, HPV31, HPV33, HPV35, HPV42, HPV43, HPV44, HPV45, 
HPV51, HPV52, and HPV56, 

10. A host cell comprising the VLP of Claim 8. 

25 11. A vaccine comprising a virus-like particle 

according to Claim 10. 

12. A nucleic acid encoding a VLP according to 

Claim 9. 

30 
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1/4 

Sma I 

primer I >cttcccccgggcacaaaacaaa 
cttccccccgggcacaaadcdd 

atgc> 

ATGcgacacdaacgttctgcaaaacgcacaaaacgtgcdtcggctacccaactttataaa 
acatgcaaacaggcaggtacatgtccacctgacattatacctaaggttgaaggcaaaact 
attgctgatcaaatattacaatatggaagtatgggtgtattttttggtgggttaggaatt 
ggaacagggtcgggtacaggcggacgcactgggtatattccattgggaacaaggcctccc 
<cccaqcccatqtc cqcc6qcqCTCGAGCTC < primer C 
Not I Sac I 

Xho I 

acagctacagatacacttgctcctgtaagaccccctttaacagtagatcctgtgggccct 
tctgatccttctatagtttctttagtggaagaaactagttttattgatgctggtgcacca 
acatctgtaccttccatccccccagatgtatcaggatttagtattactacttcaactgat 
accacacctgctatattagatattaataatactgttactactgttactacacataataat 
cccactttcactgacccatctgtattgcagcctccaacacctgcagaaactggagggcat 
tttacactttcatcatccactattagtacacataattdtgaagaaattcctatggataca 
tttattgttagcacaaaccctaacacagtaactagtagcacacccataccagggtctcgc 
ccagtggcacgcctaggattatatagtcacacaacacaacaagttaaagttgtagaccct 
gcttttgtaaccactcccactaaacttattacatatgataatcctgcatatgaaggtata 
gatgtggataatacattatattttcctagtaatgataatagtattaatatagctccagat 
cctgactttttggatatagttgctttacataggccagcattaacctctaggcgtactggc 
attaggtacagtagaattggtaataaacaaacactacgtactcgtagtggaaaatctata 
ggtgctaaggtacattattattatgatttgagtactattgatcctgcagaagaaatagaa 
ttacaaactataacaccttctacatatactaccacttcacatgcagcctcacctacttct 
attaataatggcttatatgatatttatgcagatgactttattacagatacttctacaacc 

Not I Sac I 

Xho I 

primer A > GCGGCCGCGAGCTC6AG qqttatattcctqraaat.arflar> 
ccggtaccatctgtaccctctacatctttatcaggttatattcctgcaaatacaacaatt 
ccttttggtggtgcatacaatattcctttagtatcaggtcctgatatacccattaatata 
actgaccaagctccttcattaattcctatagttccagggtctccacaatatacaattatt 
gctgatgcaggtgacttttatttacatcctagttattacatgttacgaaaacgacgtaaa 
cgtttaccatattttttttcagatgtcttttggctgccTAG 

primer D <gtctacagagaaaccgacggatcTCTAGACCTCCC< 

Bgl II 
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AT6 CGA CAC AAA CGT TCT GCA AAA CGC ACA 
MRHKRSAKRT 
1 10 
TAT AAA ACA TGC AAA CAG GCA GGT ACA TGT 
YKTCKQAGTC 
20 

GAA G6C AAA ACT ATT. GCT GAT CAA ATA HA 
EGKTIADQIL 
40 

TTT GGT GGG TTA GGA AH GGA ACA GGG TCG 
FGGLGIGTGS 
60 

GGT TAT ATT CCT GCA AAT ACA ACA AH CCT 
GYIPANTTIP 

80 

TTA GTA TCA GGT CCT GAT ATA CCC 
L V S G P D I P 

ATT CCT ATA GH CCA GGG TCT CCA 
I P I V P G S P 
110 

TIT TAT TTA CAT CCT AGT TAT TAC 
FYLHPSYY 
130 

TAT TTT TTT TCA GAT GTC TCT HG GCT GCC TAG 
YFFSDVSLAA. 

150 154 



AAA CGT GCA TCG GCT ACC 
K R A S A T 

CCA CCT GAC ATT ATA CCT 
P P D I I P 
30 

CAA TAT GGA AGT ATG GGT 
Q Y G S M G 
50 

Not I. Sac I 
GGT ACA GGC GGC CGC GAG 
6 T G G R ^ 
69 70 
TTT GGT GGT GCA TAC AAT 
F G G A Y N 



AH AAT ATA ACT GAC CAA GCT CCT 
I N I T D Q A P 
100 

CAA TAT ACA AH ATT GCT GAT GCA 
Q Y T I I A D A 
120 

ATG TTA CGA AAA CGA CGT AAA CGT 
MLRKRRKR 



CAA cn 

Q L 

AAG GH 
K V 



GTA 
V F 



Xho I 
CTC GAG 
L £ 

72 
AH CCT 
I P 

90 
TCA HA 
S L 

GGT GAC 
G D 

TTA CCA 
L P 



140 
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BETA-GAIACTOSIDASE ACTMTIES OF P4R5 CELL LYSATES TRANSACTED WITH 
THE LISTED PIASMID CONSTRUCTS AND EVALUATED USTING THE GALACTOSTAR® ASSAY 

SAMPLE BETA-GAtACTOSIDASE RELATIVE UGHT UNITS 

V1Jp-L2cTot 

pD5 Tot (POSITIVE CONTROL) ^ge'^g 
MOCK TRANSTECTION (NEGATIVE CONTROL) 0^40 



FIG.4 



wo 00/09157 



SEQUENCE LISTING 
<110> Merck & Co., Inc. 

<120> PROTEIN DELIVERY SYSTEM USING HUMAN 
PAPILLOMAVIRUS VIRUS-LIKE PARTICLES 



<130> 20276 PCT 

<150> 60/096,638 
<151> 1998-08-14 

<160> 8 

<170> FastSEQ for Windows Version 3.0 

<210> 1 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR primer 
<400> 1 

cttccccccg ggcacaaaac aaaatgc 

<210> 2 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PGR primer 
<400> 2 

ctcgagctcg cggccgcctg tacccgaccc 

<210> 3 
<211> 39 
<212> DNA 

<213> Artificial Secpience 
<220> 

<223> PGR primer 
<400> 3 

gcggccgcga gctcgagggt tatattcctg caaatacaa 

<210> 4 
<211> 35 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> PGR primer 



<400> 4 

ccctccagat ctctaggcag ccaaagagac atctg 



35 



<210> 5 
<211> 46 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PGR primer 
<400> 5 

tcccccggga gatctgccac catgcgacac aaacgttctg caaaac 46 

<210> 6 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR primer 



<210> 7 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR primer 
<400> 7 

cagatgtctc tttggctgcc atggagccag tagatcctag ac 42 

<210> 8 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR primer 



<400> 6 
ggcagccaaa gagacatctg 



20 



<400> 8 

ctcgtaagat ctctattcct tcgggcctgt c 
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